(Anguilla japonica) has caused morbidity in both wild and cultured populations of American eel (A. rostrata) in North Carolina, USA. Lesions appear to begin as localized, depigmented foci which spread to form large patches of necrotic skin up to 16 cm2 in area. The depig mented patches detach at the dermo-epidermal junction, forming large ulcers that expose underlying muscle. The infection commonly affects the head, producing cranial swelling and corneal edema.
A mild to severe, primarily mononuclear infiltrate is seen, most prominently in large ulcers. Many lesions had extensive collagen deposition, which contributed to the tissue swelling. Culture of skin lesions in various stages of development revealed the consistent presence of bacterial isolates that were biochemically and immunologically identified as Aero monas salmonicida.
This agent was the predominant organism by colony type in 17 of 20 skin cultures and usually appeared to constitute over 90% of the colonies present. Kidney samples were free of infection.
Skin diseases have become a common and increasingly worrisome problem in fisheries populations of North Carolina, USA. A num ber of etiological agents have been identified from various lesions in many species (NOGA, 1986; NOGA et al., submitted) .
These agents include viruses, bacteria, fungi, and parasites. Virtually all of the important finfisheries pop ulations appear to be affected to some degree by this apparent epidemic of skin diseases, includ ing the Americal eel (Anguilla rostrata).
The American eel supports an important commercial fishery in the Albemarle and Pamlico estuaries of North Carolina (ANONY MOUS, 1989) . Recently, both wild and captive populations of eels have exhibited severe skin ulcers. These lesions make the fish unsalable and may have an important impact on the productivity of the fishery. The purpose of this paper is to describe the clinical and patho logical characteristics of this disease and to identify the etiological agent. Some lesions were scraped and examined for pathogens using wet mounts, For histology, skin lesions were fixed in either 10% neutral buffered formalin or Bovirl's fixative, embedded in paraffin and stained with hematoxylin and eosin (H & E). Selected lesions were also stained with GOMORI methenamine silver
Results

Clinical Findings
The earliest visible evidence of the infection was a small (< 5 mm), light-colored area that did not appear to be grossly ulcerated.
However, the most obvious skin lesions were focal red ulcerations ranging from about 5 to over 30 mm in diameter (Fig. 1 ). These ulcers usually had a prominent depigmented, welldefined border. Exposed muscle tissue was often visible. In some cases, there was a large (up to 40 mm in diameter) depigmented mass that was almost completely detached from the body, except at the edge of the lesion (Fig. 2) , suggesting that this necrotic patch of skin would eventually slough, producing the typical ulcer. While such lesions appeared to be an early stage of the disease, they actually had a prominent inflammatory response (see Histological Findings) .
Some ulcers extended into deep muscle layers or occasionally affected the gills (Fig. 3 ), cranial skeleton, or viscera, depending upon their location. Fish with head lesions often had unilateral or bilateral corneal opacities, as well as a visibly swollen head. Lesions on the flanks were usually very symmetrical and circular to oval, with well-defined boundaries; those on the head were usually irregular in shape. Wet mounts of some lesions had many bacteria and occasionally fungi, especially very advanced lesions. (Fig. 4) and or mononuclear inflammation of these tissues and the underlying muscle (Fig. 5 ). Hypertrophy was due to both edema and an increase in a homogeneous, eosinophilic material that stained positive for collagen by MASSON'S trichrome. Bacterial microcolonies and individual bacteria were common both on the surface of and within these ulcers. MAC-COLLUM-GOODPASTURE's stain often revealed various-sized, GRAM-negative rods in various parts of the lesions. One lesion had a large cavitation in the subcutis that consisted of a massive infiltrate of mononuclear phagocytes (Fig. 6 ). This mass was partially surrounded There is relatively little inflammation present.
H & E. Bar: 0.5 mm.
Fig. 5. Deep ulceration extending into muscle (M).
A pronounced mononuclear inflammatory infiltrate is present. H & E. Bar: 0.5 mm. by a thick connective tissue capsule. There was often focal myofiber necrosis in the deeper muscle layers (Fig. 7) , associated with myophagia by macrophages (Fig. 8) When lesions affected the head, the gills were also secondarily involved, and exhibited hypertrophy, hyperplasia of epithelial and goblet cells, and focal necrosis of the tips of the primary lamellae.
Microbiological Findings
A total of 20 skin lesions and 10 kidney samples were cultured. Either Aeromonas salmonicida subsp. salmonicida or A. salmonicida subsp. achromogenes were isolated as the predominant colony types in 17 of the 20 skin lesions. The summary of the key identifying characteristics (BERGEY, 1984) of the A. salmonicida isolates is listed in Table 1 . Other characteristics are listed in Table 2 . All isolates also reacted positively in the fluorescent antibody test with rabbit anti-A. salmonicida serum. However, not all isolates reacted strongly; some gave a positive, but relatively weak, reaction.
All kidney cultures were negative for bacterial growth.
Discussion
Aeromonas salmonicida is one of the major pathogens responsible for skin ulcers in fish (PATERSON, 1981) . Lesions that are grossly similar to those which we report here have also been seen in Japanese eels (Anguilla japonica) (KiTAO et al., 1985) , sand-eels (Ammodytes lancea and Hyperoplus lanceolatus) (DALSGAARD and PAULSEN, 1986) , goldfish (Carassius auratus) MAWDESLEY-THOMAS, 1969) , and many other species (Mc- CARTHY, 1980; PATERSON, 1981) . Our histological findings had similarities to those of MCCARTHY (1975) , who isolated A. salmonicida from ulcers in silver bream (Blicca bjoerkna), roach (Rutilus rutilus), common bream (Abramis brama), and perch (Perca fluvi atilis). Necrosis extended deep into muscle and was accompanied by a marked leukocytic infiltrate.
There were also many erythrocytes near the surface of the lesions. MAWDESLEY THOMAS (1969) also described similar skin ulcers in goldfish (Carassius auratus) furunculosis; le sions were associated with extensive, deep, muscle necrosis and chronic inflammation. However, hyperpigmentation, probably due to melanocytes, was also common in advanced lesions. POL et al. (1980) provided evidence in ex perimental carp erythrodermatitis that A. salmo nicida exotoxin caused subepidermal vasodila tion and hemorrhage, followed by necrosis and ulceration. Blood cells and fluid accumulated between the epidermis and dermis. Thus, the edema in many of the cases which we ex amined, which is partly responsible for the prominent swelling often associated with these lesions (e.g., IIDA et al., 1984) , is probably di rectly attributable to A. salmonicida infection.
The extensive fibroplasia associated with the American eel's ulcers has not been previously reported in skin infections caused by A. salmo nicida. The pronounced collagen deposition suggests that the host is in many cases attempt ing to heal these wounds.
Indeed, in some cases, lesions appeared to be resolving. The presence of this chronic fibroblastic response indicates that lesioned fish may survive for a long time. We have observed ulcerated eels to survive in aquaria for over 2 months.
Our isolates biochemically resemble those of HAYASAKA and SULLIVAN (1981) , who described A. salmonicida infection from cultured eels in South Carolina, USA. Advanced lesions often had systemic infections, but as in our study, many fish with clinical signs did not have a systemic infection.
They successfully chal lenged fish with their isolate and fulfilled KOCH's postulates.
The biochemical variabili ty of HAYASAKA and SULLIVAN'S (1981) isolates did not allow identification to subspecies. While our identification of the two subspecies of A. salmonicida is based upon standard cri teria (POPOFF, 1986) , the very close biochemical similarity of the two subspecies has led some to question if separate taxa are warranted. For example, SHOTTS et al. (1980) found a very close DNA homology between these two sub species. Pigment production, a key differen tiating criterion, is not consistent, since some 
